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Description 



WIRING PROTECTION ELEMENT FOR 
LASER DELETED TUNGSTEN FUSE 

Background of Invention 
[0001] 1. Technical Field 

[0002] The present invention relates to a structure and associ- 
ated method to protect an electrical structure during a 
fuse link deletion by focused radiation. 

[0003] 2. Related Art 

[0004] Re-routing circuit paths in an electronic structure typically 
results in damage to the electronic structure. Damage to 
the electronic structure may cause the electronic structure 
to malfunction thereby increasing manufacturing costs. 
Therefore any apparatus and method to reduce damage to 
an electronic structure while re-routing circuit paths 
would be welcome by the industry. 
Summary of Invention 

[0005] The present invention provides an electrical structure, 



comprising: 

[0006] a f USGj a protection plate, a first dielectric layer, and a 
second dielectric layer, wherein the electrical structure 
exists within a semiconductor device, wherein the protec- 
tion plate exists within the first dielectric layer, wherein 
the second dielectric layer is formed over the protection 
plate and the first dielectric layer, wherein the fuse is 
formed over the second dielectric layer, wherein the fuse 
is adapted to be cut with a laser beam, wherein the di- 
electric constant of the second dielectric layer is greater 
than the dielectric constant of the first dielectric layer, and 
wherein the protection plate is adapted to shield the first 
dielectric layer from energy from the laser beam. 

[0007] The present invention provides a method for forming an 
electrical structure, comprising: 

[0008] forming a first dielectric layer within a semiconductor de- 
vice; 

[0009] forming, with a damascene process, a protection plate 

within the first dielectric layer; 
[0010] forming a second dielectric layer over the protection plate 

and the first dielectric layer;and 
[001 1] forming a fuse element over the second dielectric layer, 

wherein the fuse element isadapted to be cut with a laser 



beam, wherein the dielectric constant of the second di- 
electric layer is greater than the dielectric constant of the 
first dielectric layer, and wherein the protection plate is 
adapted to shield the first dielectric layer from energy 
from the laser beam. 
[0012] The present invention advantageously provides a structure 
and associated method to reduce damage to an electronic 
structure while re-routing circuit paths. 
Brief Description of Drawings 

[0013] FIG. 1 illustrates a cross-sectional view of a damascene 
structure within a semiconductor device comprising, in 
accordance with embodiments of the present invention. 
Detailed Description 

[0014] FIG. 1 illustrates a cross-sectional view of a damascene 

structure 1 within a semiconductor device 5 comprising, a 
semiconductor substrate 24, a plurality of dielectric layers 
4, 14 , and 18, a fuse element 2 herein referred to as fuse 
2, a protection plate 10, and at least one electrical struc- 
ture 25, in accordance with embodiments of the present 
invention. The fuse 2 electrically connects a conductive 
line 12 to a conductive line 9. The conductive line 12 is 
electrically connected to conductive lines 19, 21, and 23 



using conductive vias 15. The conductive line 9 is electri- 
cally connected to conductive lines 25, 27, and 29 using 
conductive vias 16. The fuse 2 is used for re-routing cir- 
cuit paths (i.e., conductive lines 19, 21, 23 25, 27, and 
29) to provide, inter alia, redundant circuits, electronic 
chip identification, specific feature activation, etc. The 
fuse 2 is adapted to be cut (i.e., continuity of the fuse dis- 
rupted) with focused radiation (e.g., a laser beam 52), 
thereby disconnecting the conductive line 12 from the 
conductive line 9. The dielectric layer 4 may comprise any 
standard dielectric material know to a person of ordinary 
skill in the art including, inter alia, Si0 2 , Si 3 N 4> Fluorinated 
Silicate Glass (FSG), Tetraethoxysilane (TEOS), etc. The di- 
electric layer 4 may comprise a relative dielectric coeffi- 
cient of about 3.5 to about 7. The dielectric layers 14 and 
18 may be a low k dielectric comprising a relative dielec- 
tric coefficient of about 1 to about 4. The low k dielectric 
may be, inter alia, a porous dielectric with micro-pores, a 
polymer based dielectric, an inorganic dielectric, etc. The 
low k dielectric may comprise, inter alia, SiLK by Dow 
Chemical, JSR Micro owned spin-on materials (i.e., LKD- 
5109), Si C O H , porous glasses (e.g., nanoglass), Porous 
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polymers (e.g., porous SiLK ), highly fluorinated polymer 



® 

(e.g., Teflon ), etc. The fuse 2 comprises a refractory 
metal such as, inter alia.tungsten. The protection plate 10 
may comprise, inter alia, copper, aluminum, etc. The at 
least one electrical structure 25 is formed within the di- 
electric layer 18. The at least one electrical structure 25 
may be, inter alia, a conductive line (i.e., a wire), an elec- 
trical component, etc. The electrical component may be 
any electrical component known to a person of ordinary 
skill in the art including, inter alia, a transistor, a resistor, 
a capacitor, an inductor, etc. If the at least one electrical 
structure 25 is a conductive line then the conductive line 
is formed using a damascene process. Any damascene 
process known to a person of ordinary skill in the art may 
be used including, inter alia, single damascene process, 
dual damascene process, etc. The conductive line may 
comprise, inter alia, one or more of Ta, TaN, Ti, TiN, Al, 
Cu, TiW, W, Cr, or Au. When the fuse 2 is cut with the laser 
beam 52, excess laser energy escapes either around the 
fuse 2 or through the cut fuse 2 and may damage the low 
k dielectric layers 14 and 18 and/or the at least one elec- 
trical structure 25. The protection plate 10 is formed in 
the dielectric layer 14 between an active part (i.e., the 
section to be cut) of the fuse 2 and the dielectric layer 14, 



the dielectric layer 18, and the at least one electrical 
structure 25. The placement of the protection plate 10 will 
protect the low k dielectric layers 14 and 18 and/or the at 
least one electrical structure 25 from the excess laser en- 
ergy. Absorption of the excess laser energy directly by the 
dielectric layer 14 and the dielectric layer 18 results in di- 
electric damage and may compromise semiconductor de- 
vice 5 performance and reliability. A balance must exist 
between the reflectivity, thermal capacity (cal/g°C) and 
thermal conductivity (watts/cm°C) of the fuse 5 material 
(e.g., tungsten) and of the protection plate 10 material 
(e.g., copper). In a preferred embodiment of the present 
invention, the fuse 5 material has a relatively low reflec- 
tivity (i.e., less than about 50% ) so it absorbs laser energy 
well, a relatively low thermal capacity (i.e., less than about 
.08 cal/g°C) so it heats and expands rapidly, and a rela- 
tively low thermal conductivity (i.e., less than about 2.5 
watts/cm°C) so that heat (i.e., from the excess laser en- 
ergy) is not rapidly dissipated. The protection plate 10 
material has high reflectivity (i.e., greater than about 80%), 
a high thermal capacity (i.e., greater than about .1 cal/ 
g°C) , and a high thermal conductivity (i.e., greater than 
about 2.5 watts/cm°C) . A simple method to examine the 



simple balance between the reflectivity, thermal capacity, 
and thermal conductivity of the fuse 5 material (e.g., 
tungsten) and of the protection plate 10 material (e.g., 
copper) is to examine a ratio of the products of reflectiv- 
ity, thermal capacity, and thermal conductivity (i.e., reflec- 
tivity * thermal capacity * thermal conductivity) of the fuse 
5 material and the protective plate 10 material. The ratio 
of the products should be greater than or equal to 2. For 
example, if the radiation from the laser beam 52 com- 
prises a wavelength of about 1 micron, the reflectivity of a 
copper protection plate 10 is about 95%, the thermal ca- 
pacity is about 0.1 (cal/g°C) and the thermal conductivity 
is about 4 (watts/cm°Q therefore the product (i.e., reflec- 
tivity * thermal capacity * thermal conductivity) is 0.38. At 
the same wavelength, the reflectivity of a tungsten fuse 2 
is about 50%, the thermal capacity is about 0.04 (cal/g°C), 
and the thermal conductivity is about 1.8 (watts/cm°C) 
therefore the product (i.e., reflectivity * thermal capacity * 
thermal conductivity) is 0.036. The ratio of the copper 
protection plate 10 and the Tungsten fuse 2 is 0.38/0.036 
«10 and 10 is > 2. Therefore, the use of a copper protec- 
tion plate 10 and a tungsten fuse 2 is an embodiment of 
the present invention. The protection plate 10 is formed 



in the dielectric layer using a damascene process. Any 
damascene process known to a person of ordinary skill in 
the art may be used including, inter alia, single damascene 
process dual damascene process, etc. 
[0015] while embodiments of the present invention have been 

described herein for purposes of illustration, many modi- 
fications and changes will become apparent to those 
skilled in the art. Accordingly, the appended claims are 
intended to encompass all such modifications and 
changes as fall within the true spirit and scope of this in- 
vention. 



